An experiment was conducted to determine the effect of supplementing a reduced crude protein (CP) diet with apple pomace on the ammonia emissions from growing pig rooms. Four pigs (45 kg BW) each were assigned to one of two diets. Each group was housed in a separate room and fed a standard diet (CP 16.6%) or a low CP, amino acidsupplemented diet (CP 9.1%) containing 23.1% of dried apple pomace for two 7-day experimental periods. After the completion of the first period, the pigs were switched to the other diet. The daily ammonia emissions, measured for 3 days after a 4-day adaptation period, were much lower for pigs fed the apple pomace-supplemented diet than for pigs fed the standard diet (0.47 g/pig vs 7.30 g/pig, respectively). The daily nitrogen intake for the standard diet and the apple pomace-supplemented diet was 58.1 and 35.5 g/pig, respectively. The pigs fed the apple pomace-supplemented diet excreted more fecal nitrogen than pigs fed the standard diet (17.5 g/day vs 11.0 g/day, respectively), but urinary nitrogen excretion with the apple pomace-supplemented diet was estimated to be 2.9 g/day, which was much lower than that for the standard diet (27.0 g/day). The addition of apple pomace to a reduced CP, amino acid-supplemented diet reduces urinary nitrogen excretion and thereby ammonia emission.
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Nutritional management can substantially contribute to a reduction in nitrogen excretion and ammonia emission by pigs. It is generally agreed that feeding low crude protein (CP) diets supplemented with synthetic amino acids lowers urea excretion by pigs, resulting in lower ammonia emission (Jongbloed & Lenis 1998) , and that nitrogen excretion is shifted from urea in the urine to bacterial protein in the feces when fibrous feedstuffs are included in the diet (Canh et al . 1997) . Recently, Yamamoto et al . (2002a) found that nitrogen excretion in the urine of pigs fed a standard CP diet supplemented with dried apple pomace at the rate of 23.1% was 36% lower than with the standard CP diet.
The objective of the present study was to evaluate the effects of the addition of apple pomace to a reduced protein, amino acid-supplemented diet on the ammonia emissions in growing pig rooms.
MATERIALS AND METHODS

Animals and housing
Eight crossbred pigs with an average initial body weight of 45 kg were allotted to two diet treatment groups of four pigs (two castrated males and two females) each. The pigs were housed as a group in one of two environmentally controlled rooms, one for each treatment. Each room had one 3.20 ¥ 1.25 m pen for four pigs, with a slatted concrete floor. There were no slurry channels underneath the floor. The manure was removed from the room daily between 09.00 and 12.00 hours. No bedding was provided. Ventilation came from a fan drawing air from outside to a ventilation chamber. The volume of each room was 60 m 3 , 5, 5 and 2.4 m in length, width and height, respectively. The ventilation rate was maintained at approximately 80 m 3 . The room temperature was diurnally changed from 21 ∞ C to 32°C throughout the 14-day experimental period.
Diets and experimental design
The pigs were fed either of two diets. Feed and water were supplied to the pigs ad libitum. The formulation of the experimental diets is presented in Table 1 . Synthetic lysine, methionine, threonine and tryptophan were added to the apple pomace-supplemented diet to satisfy the amino acid requirements expressed as the ratio of each amino acid and digestible energy of the diet (Agriculture, Forestry and Fisheries, Research Council Secretariat 1998) . Celite 545, 2.0%, was added to each diet as an indigestible marker.
The study was a simple crossover design through two experimental periods with the two experimental diets. Each experimental period lasted 7 days. After the completion of the first period, the pigs were switched to the other diet treatment. The pigs were weighed on the first day, day 7 and on the last day of the experiment period. Feed intake was measured in each experimental period.
Measurement of ammonia emission and chemical analysis
Ammonia emission from the rooms was measured during the two 7-day experimental periods except for the first day of the first period. The ammonia concentration was measured with an NOx analyzer (Radas 2, Hartmann & Braun) on the basis of chemiluminescence after ammonia in the air was converted to nitrogen oxide at 750°C (Canh et al . 1998) . Ammonia emissions from the rooms were calculated by multiplying the concentration difference between outgoing and incoming air by the volume of outgoing air. This volume was determined by an anemometer in the fan channel. Ammonia concentrations were measured at intervals of 5 s and stored in a data logging system. Data on ammonia concentrations measured during 09.00-12.00 h were discarded because of the disturbance caused by cleaning the rooms, and so the daily ammonia emissions were calculated from the data measured between 12.00 and 09.00 h.
To determine apparent CP digestibility values, after a 4-day adaptation period in each experiment period, approximately 100 g of feces (random sample) were collected daily from day 5-7 according to procedures described previously (Furuya et al . 1982) . The apparent CP digestibility values were estimated by an indicator method using 2 N HCl insoluble ash (AIA) as the indicator. Nitrogen and AIA analyses of the diets and feces were carried out according to the methods of the Association of Official Analytical Chemists (1975) and Furuya et al . (2001) , respectively. Data on digestible energy and amino acids were obtained from the Agriculture, Forestry and Fisheries, Research Council Secretariat (1995) . The data were statistically analyzed by one-way analysis of variance according to the procedures outlined by Snedecor and Cochran (1967) . ‡See Yamamoto et al . (2002b) . §Chemical composition data except for CP were based on Agriculture, Forestry and Fisheries, Research Council Secretariat (1995) . CP value of diets was analyzed.
RESULTS AND DISCUSSION
No health problems occurred during the experimental periods. The average daily weight gain was 893 g for the standard diet and 671 g for the apple pomacesupplemented diet, and the average daily feed intake was 2194 g and 2433 g, respectively, through the two experimental periods. Although the pigs fed the standard diet had a higher rate of weight gain than the pigs fed the apple pomace-supplemented diet, the difference was not statistically significant ( P > 0.05).
The effects of the diets on the daily ammonia emission from the pig rooms are illustrated in Fig. 1 . A new equilibrium of ammonia emission was reached within 3-4 days after the initial feeding of the diets, and then the daily ammonia emission average during days 5-7 in the experimental periods was 7.30 g/pig and 0.47 g/pig for the standard diet and the apple pomacesupplemented diet, respectively. The maximum hourly ammonia concentration averaged over days 5-7 in the two experimental periods was 54.4 ppm and 5.6 ppm for the standard diet and the apple pomacesupplemented diet, respectively, and these values were lower than the maximum allowable ammonia concentration of 100 ppm (Pond & Maner 1984) . Ammonia emission was reduced by 94% when dietary CP concentration decreased from 16.6% to 9.1% and when 23.1% dried apple pomace was added. The daily ammonia emission for the standard diet in this experiment was similar to the value of 9.44 g/pig reported by Canh et al . (1998) when the dietary CP level was 16.5%.
The nitrogen intake of pigs fed the standard diet and the apple pomace-supplemented diet was 58.1 g/day and 35.5 g/day, respectively. The apparent CP digestibility value of the standard diet and the apple pomace-supplemented diet was 81.0% and 50.6%, respectively. Based on these digestibility values and nitrogen intake, fecal nitrogen excretion was calculated to be 11.0 g/day and 17.5 g/day, and nitrogen absorption was calculated to be 47.1 g/day and 18.0 g/day for the standard diet and the apple pomace-supplemented diet, respectively. The higher fecal nitrogen excretion for the apple pomacesupplemented diet implies a shift of nitrogen excretion from urea in the urine to bacterial protein in the feces because there were more fermentable non-starch polysaccharides (NSP). Canh et al . (1997) reported an increase in fecal nitrogen as a proportion of total nitrogen excretion from 22% to 45%, compared with some standard diets, when 30% sugar beet pulp was included in the diet. The NSP concentration in apple pomace is 68.7%, which is similar to the 77.3% in sugar beet pulp (Ewing 2000) .
Because the nitrogen excretion in urine was not measured in this experiment, it was estimated according to the formula of the Agriculture, Forestry and Fisheries, Research Council Secretariat (1998) , which assumes that approximately 150 g CP or 24 g nitrogen is retained for every kilogram of weight gain, irrespective of the body weight of growing-finishing pigs. Accordingly, the nitrogen retention in the present experiment could be estimated, on the basis of daily weight gain, as 20.1 g/day and 15.1 g/day on the standard diet and apple pomace-supplemented diet, respectively. From the data of nitrogen absorption and nitrogen retention, the urinary nitrogen excretion was estimated to be 27.0 g/day and 2.9 g/day, respectively. This extremely low urinary nitrogen excretion in the pigs fed the apple pomace-supplemented diet can explain the dramatic reduction of ammonia emission (Fig. 1) . It is well documented that nitrogen excreted via urine is mainly in the form of urea, which is easily converted into ammonia by the enzyme urease present in feces (Jongbloed & Lenis 1998) .
We conclude that the additional NSP from fibrous feedstuffs, such as apple pomace, in a reduced CP, amino acid-supplemented diet greatly reduces urinary nitrogen excretion and thereby reduces the ammonia emission. Fig. 1 Effect of dried apple pomace supplement to a reduced crude protein (CP), amino acid-supplemented diet on the pattern of daily ammonia emission from growing pig rooms. The diets were switched on 7th day of the experiment. ( ᭺ ), Standard diet (CP 16.6%); ( ᭹ ), apple pomace-supplemented diet (CP 9.1%).
